Single nanowire (NW) is widely studied as UV sensor, chemical sensor, biosensor, etc. Through modifying the surface of nanowire, using Schottky contact and other methods, the sensitivity is greatly increased. But expensive equipment is needed to detect the very weak current. Increasing photon response is an effective way to detect the small signal with low price. Here we demonstrate a new method to largely enhance the photon response of ZnO UV sensor by utilizing NWs array. The photon response I is increased from 0.14 A to 3 A when the amount of NWs increases from 2 to 41. And it can be further increased with increasing the amount of ZnO NWs. This gives an effective way to detect weak UV light with low precision equipment.
INTRODUCTION
Zinc oxide (ZnO), a wide bandgap (3.37 ev) semiconductor with high excitation energy of 60 meV at room temperature, has attracted a great attention for applications such as light emitting diode (LED), 1 chemical sensor, 2 strain sensor, 3 ultraviolet (UV) photodetector, 4 solar cell, 5 power generation, 6 7 and piezotronics. 8 For ultraviolet (UV) photon detection, high sensitivity, fast response time and reset time, good signal-to-noise ratio, and high photon response are desired. 9 Till now, many methods have been studied to improve these properties. Response and reset time of UV nanosensor are greatly enhanced by utilizing schottky contact. 4 10 High humidity can shorten the reset time. But meanwhile, it decreases the photon response I. 11 Surface functionalization and CdTe decorations are investigated to increase the photon response of ZnO UV sensor. 12 13 However, little attention has been paid on improving the photon response through NWs array. In this paper, we fabricate UV sensors composed of different amount of parallel ZnO NWs, and investigate their I-V characteristics and UV response properties. A large enhancement of UV photon response with amount of parallel NWs has been observed.
SYNTHESIS AND CHARACTERIZATION
As shown in Figure S1 , we use a horizontal double tube system to grow aligned ZnO NWs array. 0.81 g Zinc oxide and 0.12 g graphite are mixed together, and then * Author to whom correspondence should be addressed.
† Authors with equal contribution.
grinded for more than 45 minutes. The mixture is placed into a reaction boat which is located at the sealed end of the small quartz tube. The (100) Si substrates, which are cleaned with HF, acetone and ethanol successively, are placed at the open end of the small tube. Then Ar and O 2 flow into the tube at a rate of 190 sccm and 10 sccm. And the system is pumped to maintain at 210 Pa pressure. Subsequently, the temperature of the furnace is ramped to 1050 C at a rate of 50 C/min. After heating at this temperature for 1.5 hours, the samples are cooled down to room temperature in the air. At last, a layer of grey-white product is achieved. The samples are characterized using X-ray diffraction (XRD) (Rigaku D/Max-2400 X-ray Diffraction), scanning electron microscope (SEM) (Hitachi S-4800) and transmission electron microscope (TEM) (JEM 1200 EX). Figures 1(a and b) show typical SEM images of the prepared samples. Figure 1 (a) depicts the NWs are well aligned and their diameters are relatively uniform. From the inserted image in Figure 1(a) , the diameter of those NWs can be determined to be about 200 nm. At the same time, hexagonal screw dislocation on the top of the NW indicates that the growth mechanism is vapor-solid (VS) process.
14 As shown in Figure 1 (b), the NWs are straight and relatively vertical to the Si substrate, and their length is about 30 m. Figure 1(c) is the TEM image of ZnO nanowire. And the insert is its selected-area electron diffraction (SAED), which reveals ZnO NW is single crystal wurtzite structure. Furthermore, XRD spectrum in Figure 1 (d) confirms this crystal structure too. And the preferred orientation of (002) 
DEVICE FABRICATION AND UV RESPONSE
Three steps process is used to fabricate ZnO UV sensor composed of NWs array. First, a glass slide slightly rubs the aligned NWs array on Si substrate as shown in Figure 2 (a). As a result, some NWs transfer from Si substrate to glass slide because of friction, and those NWs align along approximately same direction ( Fig. 2(b) ). Second, the slide with ZnO NWs is spin coated with DNR-L300 negative photoresist at a speed of 3000 rpm for 40 seconds. Then it is baked at 90 C for 40 minutes. After that it is patterned with photolithography and developed with DPD-200 developer. Third, thermal evaporator or magnetron sputtering is used to deposit aluminum (Al) on the slide. After liftoff with acetone, ZnO UV sensor consisting of NWs patterned with two Al electrodes is fabricated as shown in the Figure 2(c) .
Before the measurement of UV response, we first count the amount of the NWs in the sensor. Then I-V curve and UV response are tested for the sensor with this amount of NWs. Later on, we damage some NWs (Figs. 2(f and g) ) and measure the sensor with the remained NWs. Following the same procedure, we measured the UV response of ZnO UV sensor composed of 41 NWs, 8 NWs and 2 NWs separately.
As shown in Figure 3 , I-V characteristics of our device are relatively linear under dark (a) and UV illumination (b). It reveals that the contact between metal and semiconductor is ohmic contact. This is because that the work function of Al is lower than the electron affinity of ZnO. The resistance of the device is an effective resistance of all ZnO NWs connected in parallel. So the resistance of the device decreases with the amount of parallel NWs. As shown in Figure 3(b) , when the UV light is on, the resistance of the device sharply decreases. This maybe ascribe to the surface oxygen adsorption of ZnO NWs and the electron-hole pairs generated by UV light in NWs. [15] [16] [17] [18] When UV light is off, the oxygen molecules are absorbed on the surface of ZnO NWs and capture free electron from n-type ZnO [O 2 g + e − → O is 0.14 A. As the amount of parallel NWs increase to 8, the I reaches to 0.6 A. And the photon response I dramatically increase to 3 A when the amount of parallel NWs increase to 41. Obviously, the photon response I almost increase 20 times when the amount of parallel NWs increases from 2 to 41, which is further shown in the inserted in Figure 4 . Increasing the amount of NWs in UV sensor should be an effective way to largely enhance the photon response of the sensor. And it will hugely decrease the cost of commercial UV sensor. The reset time ( , the current need to recover to 1/e (37%) of the maximum of the photon current, is also an import factor of UV sensor. 19 As shown in the Figure S2 , the reset time of the 41 NWs, 8 NWs, 2 NWs sensor is 42, 205 and 50 seconds respectively. The reset time of the sensor consists of 8 NWs is longer than the others. The possible reason is because of the diameter difference of NWs. The diameter of the ZnO NWs is not strictly uniform and small NWs have relative larger surface ratio compared with large NWs. Smaller size NWs has a shorter reset time, 16 Thus, when larger NWs remained in the sensor, its reset time will become longer.
CONCLUSION
In summary, we successfully developed a procedure to fabricate ZnO UV sensor composed with many NWs. The UV response properties of the sensor consisting of different amount of NWs were studied. Increasing the amount of NWs is proved to be an effective method to enhance the photo response of UV sensor. This gives a new way to greatly improve the properties of UV sensor with low cost. 
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